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The Maesa genus (family Myrsinaceae) consists of ca. 200 species in the world. In Japan, this genus is represented by 2 species, M. japonica (THUNB.) MORITZI & ZOLL. and M. tenera MEZ. Many plants in the genus have been used as a folk remedy in African and Asian countries. 1) Previous chemical investigations on Maesa spp demonstrated the presence of phenol, 2) quinones, [3] [4] [5] [6] [7] [8] triterpenoids, 9) and triterpenoid saponins. [10] [11] [12] [13] [14] [15] [16] Quite recently we reported the isolation and structure elucidation of 6 new triterpenoid saponins from M. japonica. 14) Until now no chemical study has been reported on M. tenera. Our continuing interest in the chemistry of triterpenoid saponins [17] [18] [19] prompted us to initiate a chemical investigation of this plant. In this paper, we report the isolation and structural elucidation of two novel triterpenoid saponins from the aerial parts of this species.
Results and Discussion
A MeOH extract of the freshly collected aerial parts of M. tenera was chromatographed over Diaion HP-20 and silica gel, followed by repeated octadecyl silica (ODS) MPLC and HPLC purifications, and afforded the new triterpenoid saponins maetenosides A (1) and B (2) . Both compounds contained the same aglycon, camelliagenin A 22-O-angelate, but with different sugar structure linked to C-3 of the aglycon.
Maetenoside A (1), an amorphous solid, had a molecular formula of C 65 H 104 O 30 determined from its positive matrixassisted laser desorption ionization time-of-flight (MALDI-
) and 13 C distortionless enhancement polarization transfer (DEPT) NMR data. Its spectral features and physicochemical properties suggested that 1 is a triterpenoid saponin. The IR spectrum showed absorptions at 3399 cm Ϫ1 (-OH) and at 1680 cm
Ϫ1
(conjugated ester carbonyl). Of the 65 carbons, 30 were assigned to the aglycon part, 30 to the oligosaccharide moiety, and the remaining 5 to an acyl group (Table 1) . Among the 30 carbons of the aglycon, seven were assigned to the methyl carbons at d 15. 7, 16.7, 16.8, 25.7, 27.6, 28 .0, and 33.5 and the correspondent methyl protons were identified by a 13 C-1 H heteronuclear shift correlation spectroscopy (HET-COR) experiment. Structural assignment was initiated from the long-range coupling networks observed between the methyl protons and the adjacent carbons from a heteronuclear multiple bond correlation spectroscopy (HMBC) experiment. Extensive NMR analyses showed the aglycon was of an olean-12-ene skeleton. Four carbons bearing oxygen were found at d 63.6 (C-28), 70.2, 73.0, and 89.5 (C-3). Besides the two hydroxyls at C-3 and C-28, the other two groups were located at C-16 and C-22. Their configurations were determined using the nuclear Overhauser effect (NOE) information from phase-sensitive homo nuclear Overhauser enhancement spectroscopy (NOESY). The spatial proximity observed between H-3 and H-23 (-CH 3 ), H-3 and H-5; H-16 and H-26 (-CH 3 ) (weak), H-16 and H-28 (-CH 2 OH) indicated the b-orientation of the hydroxyl group at C-3 and aorientation at C-16, respectively. The NOEs observed between H-22 and H-18, H-22 and H-30 (-CH 3 ) indicated the a-orientation of the hydroxyl group at C-22. From the above evidence, the aglycon was identified as olean-12-en-3b,16a, 22a-triol (camelliagenin A). [20] [21] [22] An acyl group was also mapped out from double-quantum filter homonuclear shift correlation spectroscopy (DQF-COSY), homonuclear Hartman-Hahn spectroscopy (HOHAHA) and HETCOR correlations and identified as an angeloyl group esterified to C-22 hydroxyl; this was established from the long-range HMBC coupling between H-22 (d 6.22) and C-1 of the acyl group (168.0) and confirmed by the low field signal of H-22, indicative of acylation.
Moreover, the presence of five sugar moieties was evidenced by the 1 H-and 13 C-NMR that displayed five sugar Starting from the anomeric protons of each sugar unit, all the hydrogens within each spin system were assigned by COSY and HOHAHA. Furthermore, in addition to the NOEs across the glycosidic bonds, a NOESY experiment also revealed the 1,3 and 1,5-diaxial relationships for glucuronic acid, galactose and glucose, thus greatly simplifying the mapping of these spin systems. On the basis of the assigned protons, the 13 C resonances of each sugar unit were identified by HETCOR and further confirmed by HMBC. These data led to the identification of the five monosaccharide units as b-glucuronic acid, b-galactose, a-rhamnose, and b-glucose (ϫ2). Acid hydrolysis of 1 with 1 M hydrochloric acid in dioxane-water gave D-glucuronic acid, D-galactose, L-rhamnose, and D-glucose as the carbohydrate components. The inter-sugar linkages were established from the following HMBC correlations: H-1 of the glucose with C-2 of the rhamnose; H-1 of the rhamnose with C-2 of the galactose; H-1 of the galactose with C-3 of the glucuronic acid; H-1 of the remaining glucose with C-2 of the glucuronic acid, while the attachment of the pentasaccharide chain to C-3 of the aglycon was based on a correlation between H-1 of glucuronic acid and the C-3 of the aglycon (Fig. 1) . The same conclusion with regard to the sugar sequence was also drawn from the NOESY experiments. All the monosaccharides were in the pyranose forms as determined from their 13 C-NMR data. The b anomeric configurations for the galactose, glucuronic acid and glucose were based on their 3 J H1,H2 coupling constants (7-8 Hz). The 1 H non-splitting pattern and the three-bond strong HMBC correlations from the anomeric proton to C-3 and C-5 (the dihedral angles between H-1 and C-3, H-1 and C-5 about 180°), 23) indicating the anomeric proton was equatorial, thus possessed an a configuration for rhamnose. Based upon the above evidence, maetenoside A is established as Table 2 ). The overall structural assignment was accomplished using the same protocol as in 1. Extensive NMR (DQF-COSY, HOHAHA, HETCOR, NOESY, and HMBC) studies permitted the full assignment of the proton and carbons. The exact linkage positions for the sugar unit were established using the HMBC and NOESY correlations as depicted for 1. The stereochemistry of each anomeric carbon was determined from the same observation as that of 1.
Thus, maetenoside B was established as
3-O-[a-L-rhamnopy- ranosyl-(1→2)-b-D-galactopyranosyl-(1→3)][b-D-glucopyra- nosyl-(1→2)]b-D-glucuronopyranosyl camelliagenin A 22- O-angelate (2).
Experimental
General IR spectra were determined using a JASCO 300E FTIR spectrometer. Optical rotations were measured using a JASCO DIP-370 digital polarimeter. MALDI-TOF MS were conducted using a PerSpective Biosystems Voyager DE-STR mass spectrometer.
1 H-and 13 C-NMR were recorded using a JEOL a-500 or a JEOL EX-400 FT-NMR spectrometer. All the NMR data were measured in pyridine-d 5 24, 25) A solution of 1 (5 mg) in 1 M HCl (dioxane-H 2 O, 1 : 1, 2 ml) was heated at 100°C for 2 h. After extracting with EtOAc, the H 2 O layer was neutralized by passing through an ion-exchange resin (Amberlite MB-3) column and concentrated to furnish the mono saccharide residue. After dissolving in H 2 O (1 ml), the solutions of L-(Ϫ)-a -methylbenzylamine (5 mg) and Na(BH 3 CN) (8 mg) in EtOH (1 ml) were added. The mixture was allowed to stand overnight, then was acidified by addition of glacial acetic acid (0.2 ml) and evaporated to dryness. The resulting solid was acetylated with Ac 2 O anhydride (0.3 ml) in pyridine (0.3 ml) at 100°C for 1 h. After co-distillation with toluene, H 2 O (1 ml) was added to the residue, and the crude mixture was passed through a Sep-pak C 18 
